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PROGRESS in agriculture in the United ~UY!R§!~lnlll, lldd f~ other things, on making the best use of feed and food crops that 
can be successfully grown here. The alert livestock feeder in plan-
ning his rations will make substitutions among the feeds at his disposal, . 
on the basis of their relative food value and market conditions. Every 
new feed of acceptable quality gives him a greater range of choice. The 
alert housewife or dietitian will try to find uses for new food products 
of high nutritive value or those having unique nutritive properties. This 
is especially true when the world food supply is restricted, as it is now 
and may continue to be for some time to come. 
Under favorable conditions yields of 1,000 to 1,800 pounds of sun-
flower seed to the acre may be expected in central Illinois and yields of 
500 to 800 pounds in south-central, southwestern, and southern Illinois, 
according to experimental data collected by the Agronomy Department. 
More information is needed concerning the seed-producing potentiali-
ties of this crop, especially of the newer varieties. Problems of harvest-
ing seem to be on the road to solution. Problems of disease control, 
insect infestation, and crop destruction by birds and other pests are still 
under study.1 
1 The information in this paragraph is taken from a mimeographed publica-
tion entitled "Sunflower Seed Production in Illinois," issued by the Department 
of Agronomy, University of Illinois, in April, 1945. 
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This circular discusses the food and feed value of the meal/ or 
flour, made from sunflower seed after most of the oil has been taken 
out by a solvent-extraction process. These values are indicated by 
chemical analysis and vitamin assay, and by feeding tests with labora-
tory animals, growing fattening swine, and laying hens. The accept-
ability of the product as a human food is further indicated by cooking 
tests carried out in the food laboratories of the Department of Home 
Economics. 
In this circular the terms sunflower-seed m eal and sunflower-seed 
flour are used to describe the same product. M eal is used when speak-
ing of its use in livestock feeding; flour} when speaking of its use for 
human food. 
Composition of the Meal, or Flour 
Sunflower seed averages about 26 to 32 pounds to the bushel. lt 
contains from 36 to 46 percent hulls and 63 to 54 percent meat, depend-
ing on the variety. The meats contain about 50 percent oil and 31 per-
cent protein. Sunflower-seed oil is slower drying than soybean oil and 
is said to be of high quality as a salad oil for human use. 
The meal, or flour, from the Sunrise variety grown in Piatt county, 
Illinois, was analyzed for the ordinary constituents and also assayed for 
a number of the vitamins. The results of these analyses are summarized 
in Tables 1 and 2, where they are compared with analyses of other 
high-protein feeds. 
In protein content, sunflower-seed meal tops the list of vegetable 
concentrates, having 52.7 percent, and is followed closely by the higher 
grades of peanut meal. It is comparatively low in crude fiber; and, for 
a concentrate feed of plant origin, it is unusually rich in bone-forming 
calcium. It is an excellent source of thiamine, or vitamin B1, and par-
ticularly outstanding in its supply of niacin (nicotinic acid). It is only 
moderately valuable for its content of riboflavin and pantothenic acid. 
Along with other seed products, it is a poor source of carotene, or pro-
vitamin A . Animals get their supply of this vitamin from green pasture, 
forages, and hays and silages; and man secures his from green and 
yellow vegetables, yellow root foods, and dairy products. 
Experiments on growing rats carried out at Indiana University con-
firm the vitamin assays in Table 2 indicating that sunflower-seed meal 
is an excellent source of thiamine and niacin tho relatively poor in 
riboflavin and pantothenic acid. 
1 The sunflower-seed meal (also referred to as sunflower-seed fl our ) used in 
all of the laboratory tests reported in this circular was prepared by the VioBin 
Corporation of Monticello, Illinois, and donated to the Agri·cultural Experiment 
Station by the Corporation and the Piatt County Sunflower Committee. It was 
prepared by a low-temperature solvent-extraction process, after the hulls were 
mechanically removed. No further treatment was given. 
Table 1. _SUNFLOWER-SEED MEAL: Composition Compared With That of Other High-Protein Feeds" 
(Figures are percentages) 
Crude Ether Crude Nitrogen-Feed material Moisture Ash protein extract fiber free Calcium Phosphorus (fat) extract 
Sunflower-seed meal ...................................... 4.6 6.5 52 .8 4 .5 4.1 27.5 .57 .58 
Alfalfa meal, dehydrated . ....................... .. ...... ... 6.6 10.0 16 .9 2.6 25.4 38.5 1.56 .22 
Cottonseed meal, over 43 percent protein .................... 7.2 5 .8 43.7 6 .5 11.1 25.7 .18 1 .15 
Linseed meal, 38 to 43 percent protein ..................... .. 8.5 5 .3 40.4 5.8 7.5 32.5 .33 . 74 
Peanut meal, over 48 percent protein ..... .. . . .. .. ........... 7.0 5.0 51.4 4 .8 9.2 22.6 .17 .55 
Soybean meal, 43 to 48 percent protein ................ . ..... 8.2 6.0 44.7 4.6 5.8 30.7 .34 .71 
Corn-germ meal .............. . ............. ' .............. 7.0 3.8 20.8 9.6 7.3 51.5 .05 .59 
Corn-gluten meal ......................................... 8.0 2.2 43.0 2.7 3.7 40.4 .10 .47 
Distillers' dried grains (corn) . . . .... .. . . .................... 7.0 2.4 28.3 9.4 14.6 38.3 .04 .23 
Distillers' dried grains (rye) . ..... ...... .................... 6.1 2.4 17.9 6 .3 15.9 51.4 .13 .43 
Dried yeast ...................... . ...................... . 4.3 10.7 48.5 .5 .5 35.5 .42 1 .90 
Meat scraps . ............................................. 6 .3 26.7 55.0 9.1 2.2 . 7 8. 70 4.30 
Tankage, digester ............. . ...... .... ................. 6.8 19.5 61 .6 8.6 1. 7 1.8 7.07 3. 72 
Milk, dried defatted ....... .. .. .. .... . ............. ... .... . 4. 7 8.8 35.8 1.0 .1 49.6 1.34 .99 
a Except for the sunflower-seed meal, these analyses are taken from the Annual Report of the U. S. Department of Agriculture for 1939. 
Table 2.- SUNFLOWER-SEED MEAL: Vitamin Content Compared With That of Other High-Protein Feeds .. 
(Results expressed as milligrams per pound) 
Feed material Carotene Thiamine (provitamin A) 
Sunflower-seed meal .......... .. .................................................. .. ...... . 4.2 16.5 
Alfalfa meal , dehydrated ................................. ...... . ..... ... ... ................ . 45 2.0 
Cottonseed meal .......................................................................... . .09 6.1 
Linseed meal ...... .. .. .. .. .. .. ..... .. ... .......... .. ................ .. ..... . .. ......... . . . . 12 5.8 
Peanut meal. .... . ... .. ....... : .......... ... ........................ . ...... . ... . ..... .. ... . 3.3 
Soybean meal .......................................................................... . . . .10 2.6 
Corn-germ meal ......... ... ............... .... .......... .. ....... ........... .. .. ......... . 4.3 
Corn germ .......... . ..................... .. ..... ......... ............................... . 9.9 
Corn-gluten meal, yellow .............. ..... ...... .. .................. . ...... . .. .. .......... . 10.2 
Distillers' dried grains (corn) .. .......... .. ............ . ........... . . . .. .... .............. .. . . 7 
Dried brewers' yeast .. . ................................................................... . 31.2 
Meat scraps .............................................................................. . .6 
Tankage, digester ......................................................................... . .0 
Milk, dried defatted ................ ....... ........ .... ...... .. . . ....... ... ... .. : ....... . .. . 1.6 
Riboflavin Niacin 
2.2 136 
6.7 18 
4.1 20 
2.8 22 
2.4 78 
1.9 18 
3.0 
1.6 14 
.4 14 
. 7 
20.3 217 
2.8 
.8 30 
9.3 7.3 
Pantothenic 
acid 
5.4 
17 
6.4 
3.2 
24 
6.3 
6.3 
60 
3 .5 
1.0 
15.2 
"Except for the sunflower-seed meal, these analyses are taken from a mimeographed release from the U. S. Department of Agriculture, A.H.D. No. 61, dated 
March, 1943. 
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Quality of Protein in Sunflower-Seed Meal, or Flour 
Tests with albino rats. The albino rat has proved a useful "pilot" 
animal in measuring the protein quality of animal feeds and human 
foods. The value of the proteins of various food products, both in 
animal nutrition and in human nutrition, is dependent on their digesti-
bility and on their adaptability to the needs of the growing animal or 
human. Protein is broken down with varying degrees of completeness 
in the alimentary tract into a series of building units, the amino acids. 
The quality of a food protein is determined largely by the completeness 
of its assortment of the different amino acids that are indispensable to 
the body and by the proportions in which these different amino acids 
exist in the protein. On absorption from the intestinal tract into the 
blood, the amino acids resulting from protein digestion are reshuffled 
and combined in various ways to form the new tissue proteins of the 
growing animal, and also to replenish the tissues with those amino acids 
broken down in the "wear-and-tear" of the muscles and organs of the 
body that occurs thruout life. 
The extent to which food proteins are digested is measured by a 
percentage, the so-called "coefficient of digestion." The extent to which 
the digested and absorbed protein is utilized in the tissues is measured 
by another percentage called the "biological value." 
The protein of sunflower-seed meal, Sunrise variety, was tested for 
"protein quality" in the division of Animal Nutrition at the niversity 
of Illinois by experiments upon growing albino rats. The tests involved 
a study of the balance of nitrogen in the body. Nitrogen is character-
istic of protein and is provided to the animal mostly by food protein. 
Under appropriate conditions the nitrogen intake from sunflower-seed 
meal was measured and the losses of nitrogen in the excreta were de-
termined. The difference between intake and outgo is the nitrogen 
balance, or the nitrogen retained in the body for growth. The nitrogen 
used in replacing the "wear-and-tear" loss is also estimated. 
More than 94 percent of the protein in the meal defatted at low 
temperatures by solvent extraction was found to be digestible. That is a 
very high proportion. The biological value was 64.5 percent. The latter 
value places sunflower-seed protein in the same class as wheat protein 
and oat protein, and indicates that it is definitely better than corn 
protein. Raw soybean protein is definitely inferior to sunflower-seed 
protein; but when properly heated, soyb~an protein may .attain a bio-
logical value of 75 percent. Sunflower-seed protein, like the cereal 
proteins, is injured by heat; on being subjected to moist heat in the 
laboratory, it became less digestible and less available in the body of 
the growing rat. The total heat damage under these conditions amount-
ed to about 11 percent. 
Sunflower Seed 5 
Value of the Meal for Animal Feeding 
For poultry. Sunflower seed has for many years been considered a 
highly satisfactory feed for bird pets. The high value of the defatted 
meal for growing chicks and for breeding and laying hens has been 
revealed by experiments carried out in Canada. These experiments show ' 
that sunflower-seed meal can be used safely and satisfactorily to replace 
all of the meat meal in a chick starter ration, and part or all of the soy-
bean meal, or half of the meat meal or fish meal in a ration for breed-
ing and laying hens. In recent experiments reported from the Univer-
sity of California the protein of sunflower-seed meal was shown to be a 
complete source of the indispensable amino acids for the growth of the 
young chick when fed to provide 20 percent of the protein in the ration. 
The division of Poultry Husbandry at the University of Illinois 
carried out a 16-week feeding test with two lots of Rhode Island Red 
pullets and two lots of White Leghorn pullets, comparing sunflower-
seed meal and soybean meal as protein supplements. Each meal supplied 
20 percent of a laying mash, which was fed free-choice with grain. Each 
lot of pullets contained 42 to 45 birds. The percentage mortality and the 
average rate of egg production on each ration for the two breeds of 
birds follow: Rhode Island Red 
pullets 
Soybean 
meal 
Mortality, percent.................. 7 
Average egg production, percent. . . . . 42 
Sunflower 
seed meal 
7 
40 
White Leghorn 
pullets 
Soybean 
meal 
18 
56 
Sunflower, 
seed meal 
12 
61 
Under the conditions of this experiment sunflower-seed meal 
proved as valuable as soybean meal for laying pullets. However, sun-
flower-seed meal should not be ground too fine for use in poultry 
rations. 
For swine. Over twenty years ago the Missouri Agricultural Ex-
periment Station carried out feeding tests on sunflower seed, comparing 
it with tankage as a protein supplement for hogs fed in drylot. Equal 
parts of corn and sunflower seed compared favorably with the then 
usual corn-belt ration of corn and tankage. A few years later the Rowett 
Research Institute in Scotland reported pig-feeding experiments which 
indicated that Russian sunflower-seed cake can replace satisfactorily 
two-thirds of the fish meal ( 15 percent of the ration), in a growing 
ration made up largely of grains and grain products. In other experi-
ments at the same institution it was shown that as a protein concentrate 
sunflower-seed cake has about the same feeding value as soybean meal 
or peanut meal. 
The value of sunflower-seed meal (Sunrise variety, solvent ... ex-
tracted) was compared with meat scraps for growing-fattening swine 
fed in drylot by the division of Swine Husbandry at the University of 
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Illinois. Nine pairs of pigs weighing initially 31 to 65 pounds were used 
in comparing two rations containing 14 percent protein. The protein 
was derived from corn and alfalfa leaf meal and 10 percent of meat 
scrap ( 54.21 percent protein) or 12.5 percent sunflower-seed meal 
( 46.00 percent protein). Each ration contained .5 percent iodized salt 
and .5 percent cod-liver oil. The sunflower-seed ration was supple-
mented also with 2.5 percent steamed bonemeal. In each of the nine 
pairs of pigs one pig received the meat-scrap ration and the other the 
sunflower-seed-meal ration in amounts to promote equal gains in body 
weight. This method of feed control, while permitting an accurate com-
parison of the two rations, necessarily restricted the intake of feed and 
the rate of g3;in. During feeding periods varying for the different pairs 
of pigs from 77 to 140 clays, the daily gain averaged .5 pound per pig 
on each of the two rations. The daily feed averaged 1.74 pounds on the 
meat-scrap ration and 1.80 pounds on the sunflower-seed-meal ration. 
The feed required for each 100 pounds of gain was very m~ch the 
same on the two rations, being 355 pounds on the meat-scrap ration 
and 363 pounds on the sunflower-seed ration. The difference between 
rations was shown to be well within the experimental error of the feed-
ing method used. The sunflower-seed ration was consumed more readily 
than the meat-scrap ration. 
Thus sunflower-seed meal and meat scraps proved of approximately 
equal value as sources of supplementary protein in the rations used in 
this Illinois test. The meat scraps were of normal quality as judged by 
the usual routine chemical analysis. 
Sunflower-Seed Flour for Human Use 
The chemical composition of sunflower-seed meal and the ex-
periences described above in animal feeding tests indicate clearly that 
the meal, or flour, is of high nutritive value. Its content of nutrients is 
shown in Table 3, along with that of other flours and flour supplements 
used in human nutrition. 
Again its high value as a source of protein and of thiamine and 
niacin is demonstrated. Among seed flours it ranks exceptionally high 
· in calcium also, containing almost half as much as defatted milk solids 
(dried skimmilk). It seems to be a logical supplement to patent white 
flour since it corrects many of the nutritive deficiencies of that widely 
used food. But if it is to be used in this way, its culinary advantages, 
if any, must be assured. 
Sunflower-seed flour was tested in the foods laboratories of the 
Home Economics Department in plain, spice, and chocolate cake and 
in griddle cakes, muffins, and yeast rolls. The flour is a fluffy light-gray 
powder which blends easily with wheat flour. The average weight per 
cup is less than half that of wheat flour, yet its ability to absorb water 
is twice as great. In these tests from 2 to 40 percent, by weight, of 
Table 3. - SUNFLOWER-SEED FLOUR: Composition Compared With That of 
Other Flours and Flour Supplements a 
Food Vitamins per 100 grams 
Food Mois- energy Crude Fat Carbo- Calcium Phos-ture per100 protein hydrate phorus Vitamin A Thia- Ribo- Niacin grams value mine flavin 
Per ct. cal. per ct. per ct. Per ct. Per ct. internal. per ct. units mg. mg. mg. 
Sunflower-seed flour .............. . .. 4. 6 362 52. 8 4 .5 27 .5b . 57 .58 (c) 3 .6 . 48 30 .0 
Buckwheat flour, light ..... .......... . 12 354 6.3 1 .1 79.7 .01 .09 0 .31 .08 2.1 
Cornmeal, white, degerminated ........ 12 355 7.5 1.1 78 .8 .01 . 14 0 .16 .09 .9 
Rye flour, light ........ . ...... ... .. .. 11 358 8.9 .9 78.5 .02 .28 0 .15 .07 .9 
Soy flour ............................ 9 283 42.5 6.5 13.6 .24 .61 110 .82 .34 2.6 
Wheat flour, patent ....... .. ........ . 12 355 10.8 .9 75.9 .02 .09 0 .07 .03 .8 
Wheat flour, patent, enriched ...... .... 12 355 10 .8 .9 75.9 .02 .09 0 .44 .26 3.5 
Wheat flour, whole .. .. ...... ......... 11 360 13.0 2.0 72.4 .04 .38 0 .56 .12 5 .6 
Milk, dried defattedd ..... ............ 3 .5 359 35 .6 1.0 52 .0 1.30 1.03 40 .35 1.96 1 .1 
a In this circular the terms sunflower-seed flour and sunflower-seed meal are used to describe the same product: meal is used when speaking of its use in live-
stock feeding; flour when speaking of its human use. Except for sunflower-seed flour, the analyses given in this table are taken from Miscellaneous Publication No. 572 
of the U.S. Department of Agriculture issued in 1945. b Not including crude fiber . . 0 See Table 2 for provitamin-A value. d Dry skimmilk. 
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white patent flour was replaced by the sunflower-seed flour and com-
pared with standard products in which 100-percent patent flour was 
used. Many products containing 10 percent of sunflower-seed flour 
were delicious. At levels above this, light-colored products appearecl 
gray and grimy in color, had a "feedy" flavor, and caused a stinging 
sensation at the back of the tongue. 
Most successful of the materials tested were the chocolate and spice 
cakes and griddle cakes. The chocolate and spice cakes were rich and 
full-flavored, moist, fine- and even-textured, and had somewhat greater 
volume than the standard. Griddle cakes made with 10 percent of sun-
flower-seed flour were preferred by some of the judges over the stand-
ard cakes because of their characteristic rich flavor. 
Plain cakes made with flour blends containing as high as 10 percent 
of sunflower-seed flour were especially light and velvety in texture, but 
the cakes had a noticeable gray color even when small amounts of the 
flour were used. · 
Yeast rolls made with 5 percent of sunflower-seed flour were ac-
ceptable, but when a larger proportion of this flour was used the rolls 
were .of smaller volume. The flour made very poor muffins. 
The use of sunflower-seed flour appears to hold great promise as a 
way to increase the protein and vitamin contents of baked products 
and to add to the volume, flavor, and rich brown color of the crust. 
Further experiments are now underway to measure the biological value, 
for human beings, of the protein in this flour, college women being used 
as subjects. The flour is baked into cookies for use in these experiments. 
Conclusions 
Sunflower-seed meal, or flour, is a rich source of protein of high di-
gestibility and nutritive value. It contains unusually large amounts of 
·calcium for a seed product and is exceptionally rich in the vitamins 
thiamine and niacin. Feeding tests upon laboratory animals, upon grow-
ing poultry and swine, and upon laying pullets reveal that, as a protein 
concentrate, it is comparable to tankage, soybean nieal, meat scraps, and 
peanut meal. ' · 
In human nutrition, sunflower-seed flour would seem to be a logical 
supplement to white flour, correcting many of the nufrient deficiencies 
of this widely used food. Cooking tests have shown that chocolate, spice, 
and plain cakes, and griddle cakes, containing up to 10 percent of sun-
flower-seed flour, are delicious. They are rich and full-flavored, moist, 
fine- and even-textured, and have somewhat greater volume than 
standard cakes made of 100-percent patent flour. 
Sunflower seed is indeed a promising feed and food crop. 
(Experiment Station and Extension circulars are 
numbered consecutively in the same series.) 
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